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S1. Supplementary data

Table S1. Fitting parameters of water adsorption isotherms using universal adsorption

isotherm model. (in Excel)

Table S2. Literatures for 232 adsorbents investigated in this work. (in Excel)

Table S3. Structural characteristics of adsorbents collected from literatures. (in Excel)

Table S4. The number of structural characteristics collected from literatures.

S, (m2g) No. of v, (cm¥lg) No. of D (A) No. of
a2 (M a2 (cm
8 adsorbents 8 adsorbents P adsorbents
BET surface N, adsorption at
145 113 LCD 71
area 77 K
Langmuir ; Water adsorption Average pore 46
surface area at 298 K diameter
Mercu Dominant pore
Y 4 P 19
intrusion size from PSD

Table SS. Adsorption characteristics and heat pump performances of adsorbent-water

working pairs in adsorption cooling/heating system. (in Excel)



S2. Computation details based on the basic thermodynamic cycle of AHP
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Figure S1. Basic thermodynamic cycle diagram of adsorption heat pump including isosteric

heating (I-I1), isobaric desorption (II-III), isosteric cooling (III-IV) and isobaric adsorption (IV-I).

As shown in the basic thermodynamic cycle diagram of AHP (Figure S1), T,, and T, are
the temperature of evaporation and condensation, P., and P, represent evaporation and
condensation pressures, which equals the saturation pressure of water at T., and T,
respectively. T,qs 1s adsorption temperature when adsorption process is completed, which
equals T.,, in this work. Similarly, Ty represents the temperature at end of desorption
process. T[], and T[], are starting temperatures of adsorption and desorption in cycle,

which can be obtained according to the generalized Trouton’s rule! with fixed Tey, Tags and

_m?2
T,=T_ /T

con’ “ev gnd 1/T4 =T

1T, + UT

des

T ges ( ads), Besides, the working capacity of

water (AW) equals the difference of maximum water uptake (W ,x) and minimum water

uptake (Wumm) (1e Wmax - W( Pe W = W(TdeS’PCOn) AW = Wmax

ads®

v) and ' min , B Wmil’l), both
of which can be calculated by universal adsorption isotherm model (UAIM, Eq. 1).



Significantly, COP is defined as the useful energy output (SXE) divided by the energy input
(Qinput)- COPc for cooling and COPy; for heating can be defined by the following equations,

respectively.

cop, = °E_Q. \*
Qinput Qdes

MERGEFORMAT (Eq. S1)

COPH — SHE — _(Qcon + Qads) \*
Qinput Qdes

MERGEFORMAT (Eq. S2)

SCE is the specific cooling effects and SHE is the specific heating effects. SCE describing
the energy transferred by working fluid for cooling equals the energy taken up in the
evaporator (Qc,), and Qjypuc is the heat energy from low-grade heat sources for desorption
of adsorbent (Qges). The useful energy output for heating is a combination of the energy
released during condensation (Q..,) and the energy released during the adsorption stage

(Quds)-Both Q.on and Q45 are negative values.

The relevant equations are listed below.
0. =AWA L H (T, )+ AW [~ C (THT \*
MERGEFORMAT (Eq. S3)

0., = AW[ A, H (T, )]+ AW [ ¢ (T YT \*

on

MERGEFORMAT (Eq. S4)
Ouee = n i 2
- UTT C ()T +,,, [ G (T)dT:l + [ [ e @yar+ [ w (e ()T + [~ A H (W)dWJ
\* MERGEFORMAT (Eq. S5)
Ou = Ot €

T . T, W Tats a Tgs wf Winax
- [ L C¥(T)dT +W,,, jT o (T)dT} n [ jn C(T)dT + jn w(T)C" (T)dT + jW AadsH(W)dWJ

\* MERGEFORMAT (Eq. S6)



T

f C(T)dT

Here, for the regeneration process of adsorbents (i.e. steps of I-II and II-III), Tads

T
dgs
f C(T)dT

T .
and 2 are the energy required for the adsorbent bed temperature to change from
w_.
n
T A, H(W)dW
. . . w .
Tags to Tges, in which only adsorbents were taken into account. = max is the heat

adsorbed for water desorption in the AHP system. A similar analysis was performed for the

energy transfer during adsorption stage (Q.gs). In these formulas, the specific heat capacity

ad wf
(Cp) of the adsorbent (C p )and water working fluid (C p) are 1 kJ/(kg-K) (reasonable value

for a variety of adsorbents)? and 4.2 kJ/(kg-K), respectively.

ad
The specific heat capacity of the adsorbent (C p) is a constant value of 1.0 J/(g-K) according

to the variation of heat capacity of typical adsorbents shown in Table S5. Such slight

ad
variation in C p of adsorbents will not impose significant impacts on COP¢as demonstrated

in Figure S2.

Additionally, the vaporization enthalpy (AvapH in kJ/kg) of water is a function of
temperature.

A, H (T)=-2.51(T - 273)+2502 \*
MERGEFORMAT (Egq. S7)

The enthalpy of adsorption (AadSH) is calculated using the predicted adsorption isotherms
obtained by the universal isotherm adsorption model at varying temperatures according to

the Clausius-Clapeyron equation shown in Eq. S8.

o R d(Inp)

\*
- o(1/T)

A

MERGEFORMAT (Eq. S8)

Then, the formula for calculating COP can be obtained by substitution and simplification.

SCE = AVVI:Avup[—I (];v )_ C:If (]::un - Te\’ )] \*


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

MERGEFORMAT (Eq. S9)

AW [ AL H(T,)-C (T, - T.,)]

COP, = \*

G TG [T [y |-

MERGEFORMAT (Eq. S10)

SHE = AW [ A H (T, )= G (T, = T, )= A H |+ G (T3, —Y;ds)+C:f[Wmm (T =T+ [, W (T)dT}
\* MERGEFORMAT (Eq. S11)

AW[AvapH(Tz:on )_ C;Vf (Tt‘:on _Tev )_ AadsI—[] + Csd (Zies _T;ds )+ C;:Vf [Wmin (T:ies _T:l)+ .[Tj; W(T)jT:l

(T, - T,

COP, =

es ads

)+ C:f [Wmax (Tz — Ty )+ J‘TT‘JCS W(T)iT:| -AWA, H
\* MERGEFORMAT (Eq. S12)

Table SS. Specific heat capacity of typical MOFs, carbon, zeolites and silicic adsorbents.

Species Adsorbents Heat of capacity (J/(g:K))
Cu-BTC 0.78-0.88 (333 K-423 K) 3

MOFs
MOF-177 0.82-0.99 (333 K-423 K) 3
AC Maxsorb III 0.84-1.07 (303 K-423 K) *

Carbon
EC-1500 0.74-1.03 (303 K-423 K) *
Zeolite 4A 0.86-0.95 (272 K-311 K)?

Zeolites
Zeolite NaX 0.81-0.84 (283 K-303 K) ©
Silica Gel RD type 0.87-1.01 (303 K-373 K) ’

Silicic Materials .
Silica Gel type A 0.89-1.03 (303 K-373 K) ’
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Figure S2. Normalized COP( as a function of specific heat capacity.



S3. Structure-performance relationships of adsorbent-water working pairs.

Table S6. The number and percentage of adsorbents sorted by COP¢ under cooling conditions.

Rank

Number and percentage

Silicic .
MOFs Carbon Zeolites Composites Others
Materials

Top 10 10 (100%) 0 0 0 0 0

Top 30 27 (90%) 0 1(3.33%) 2(6.67%) 0 0
Top 50 45 (90%) 2 (4%) 1 (2%) 2 (4%) 0 0
Top 100 88 (88%) 5 (5%) 5 (5%) 2 (4%) 0 0

163 36
Sum 231 10 (4.33%) 11 (4.76%) 7(3.03%) 4(1.73%)
(70.56%)  (15.58%)

Table S7. The number and percentage of adsorbents sorted by COPy under heating conditions.

Number and percentage

Rank Silicic
MOFs Carbon Zeolites ' Composites Others
Materials
Top 10 10 (100%) 0 0 0 0 0
Top 30 27 (90%) 0 3 (10%) 0 0 0
Top 50 43 (86%) 0 5 (10%) 2 (4%) 0 0
Top 100 84 (84 %) 5 (5%) 7 (7%) 3 (3%) 0 1 (1%)
163 36
Sum 231 10 (4.33%) 11(4.76%) 7(3.03%) 4 (1.73%)
(70.56%)  (15.58%)




Table S8. Comparison of the predicted COP of high-performing adsorbents in this work with

previous studies.

Working COP in this Same adsorption
Adsorbents Reported COP
conditions work isotherms?
Zr-MOF-841 0.839 0.822 Yes
DUT-67 0.793 0.78 3 No
MIL-125-NH, 0.792 0.77-0.8° No
_ Ui0-66(Zr*")
Cooling o
with high
' 0.768 0.60 1° No
concentration

stearic acid

Cr-MIL(101) 0.759 0.57 11 No
Heating MIL-160 1.673 1.65 12 Yes
SCE (kJ/kg) SHE (kJ/kg)
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Figure S3. The distribution of different adsorbent species exhibiting different water working
capacities (AW) and the specific effects (SXE) for (a) adsorption cooling and (b) heating. The
operational conditions are fixed at P, =1221 Pa, P, =4231 Pa, T, =283 K, T¢on = Taas = 303 K,
Tges = 368 K for cooling and P., =1697 Pa, P, = 9559 Pa, T, =288 K, T¢on = Tags =318 K, T4es =
413 K for heating.

Table S9. The number of adsorbents exhibiting different step positions (a).

o Adsorbent species Number

10



MOFs Carbon Zeolites Silicic materials  Composites  Others

0.0-0.1 55 3 8 6 - 3 75
0.1-0.2 19 - — 1 — 20
0.2-0.3 15 5 — - — — 20
0.3-0.4 17 2 - 1 — — 20
0.4-0.5 13 4 — — 2 — 19
0.5-0.6 6 5 — - 2 — 13
0.6-0.7 5 7 — - 1 — 13
0.7-0.8 10 1 1 1 — — 13
0.8-0.9 8 2 1 2 2 1 16
0.9-1.0 15 7 - — - 22
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Figure S4. The distribution of different adsorbents exhibiting varying coefficient of performance
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(COP) and the step position (a) of adsorption isotherms for (a) adsorption cooling and (b) heating.
COP¢ and COPy were both obtained at fixed operational temperatures, COP- was obtained at Tk,
=283 K, Teon = Tags = 303 K, T4es = 368 K, and COPy was calculated at T, =288 K, Tcon = Tags
=318 K, Tges =413 K.
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Figure S5. The experimental water adsorption isotherms fitted by using universal adsorption
isotherm model. (a) Zr-MOF-84113, (b) Ni-DOBDC!4, (¢c) HKUST-1-F!3, (d) Cr-MIL(101)'6, (e)
Activated Carbon AT800R15t120!7, (f) (H,dab)[Zny(0x)3]'8.

Table S10. The number of adsorbents with different structural properties provided in literatures.

Adsorbent species

Structural
o Silicic Number
characteristics  MOFs  Carbon  Zeolite ~ Composite  Others
Material
S, ? 95 31 6 6 6 4 148
V,° 69 33 6 6 6 3 123
D,¢ 104 17 7 3 3 2 136

12



a S, of 147 adsorbents is the Brunauer-Emmett-Teller (BET) surface area and 3 adsorbents
used Langmuir surface area.

bV, of most adsorbents (115 adsorbents) are obtained from N, adsorption isotherms at 77K,
while V, of 6 adsorbents were obtained from water adsorption isotherms at 298 K, and the
rest was measured by using mercury intrusion method.

¢ D, was defined in three different ways according to literature, including the average pore
diameter prioritized for 46 adsorbents, the largest cavity diameter (LCD) when multiple
pores sizes were provided in literature for 71 adsorbents, and the dominant pore size if only

the pore size distribution (PSD) were provided for 19 adsorbents.
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